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@  Live  tooling  turret. 

©  A  live  tooling  turret  assembly  comprising  a  stationary 
housing,  a  turret  top  plate  movably  mounted  on  the  housing for  axial  and  rotational  displacement  with  respect  to  the 
housing,  the  turret  top  plate  including  a  drive  shaft  extend- 
ing  into  the  housing  and  through  the  top  plate,  the  turret  top plate  including  means  for  mounting  live  tooling,  the  drive shaft  including  means  for  engaging  and  driving  the  live 
tooling  when  mounted  on  the  top  plate,  supporting  means in  the  housing  supporting  the  top  plate  including  the  drive 
shaft,  the  supporting  means  being  movably  mounted  in  the 
housing  for  axial  and  rotational  displacement  simultaneous- 
ly  with  the  top  plate,  indexing  means  associated  with  the 
housing  for  moving  the  top  plate  and  the  supporting  means 
axially  and  rotationally  with  respect  to  the  housing,  and 
drive  means  associated  with  the  drive  shaft  for  permitting the  drive  shaft  to  be  driven  independently  of  the  indexing 
means  and  for  permitting  the  drive  shaft  to  be  driven  simul- 
taneously  with  the  indexing  means  when  the  indexing means  is  moved  axially  and  rotationally  with  respect  to  the 
housing. 
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LIVE  TOOLING  TURRET 

FIELD  OF  THE  INVENTION 

This   i n v e n t i o n   r e l a t e s   to  an  i n d e x a b l e   t u r r e t   a s s e m b l y  
for  a  mach ine   too l   and  more  p a r t i c u l a r l y   to  an  i n d e x a b l e   t u r r e t  
a s s e m b l y   for  a  mach ine   t oo l   h a v i n g   p r o v i s i o n s   for  m o u n t i n g   s t a t i o -  

nary   as  well   as  l i v e   t o o l i n g   i n c l u d i n g   means  for  d r i v i n g   the  l i v e  
tool   i n g .  

BACKGROUND  OF  THE  INVENTION 

I n d e x a b l e   t u r r e t   a s s e m b l i e s   have  found  w i d e - s p r e a d  

use  in  the  mach ine   t o o l i n g   i n d u s t r y .   Such  a s s e m b l i e s   are  c a p a b l e  
of  s e l e c t i v e l y   p o s i t i o n i n g   a  p l u r a l i t y   of  d i v e r s e   t o o l s   i n t o   p r o p e r  
a l i g n m e n t   wi th   a  w o r k p i e c e   so  as  to  a l l ow   s e q u e n t i a l   m a c h i n i n g  
o p e r a t i o n s   to  be  p e r f o r m e d   t h e r e o n .  
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The  most  common  t ypes   of  i n d e x a b l e   t u r r e t   a s s e m b l i e s  

are  t hose   which  s u p p o r t   t o o l s   s u i t a b l e   for  t u r n i n g   o p e r a t i o n s  

w h e r e i n   the  t o o l s   are  s t a t i o n a r y   wi th   r e s p e c t   to  a  r e v o l v i n g  

w o r k p i e c e   or  t hose   which  s u p p o r t   t o o l s   s u i t a b l e   for  m i l l i n g ,  

d r i l l i n g ,   t a p p i n g ,   e t c .   w h e r e i n   the  t o o l s   are  r o t a t a b l y   d r i v e n  

wi th   r e s p e c t   to  a  n o n - r o t a t i n g   w o r k p i e c e .  

There   have  more  r e c e n t l y   been  d e v e l o p e d   machine   t o o l s  

hav ing   i n d e x a b l e   t u r r e t   a s s e m b l i e s   c a p a b l e   of  s u p p o r t i n g   c o m b i n a -  

t i o n s   of  l i v e   as  wel l   as  s t a t i o n a r y   t o o l s .   Such  t u r r e t   a s s e m b l i e s  

s e r v e   to  i n c r e a s e   the  o v e r a l l   f l e x i b i l i t y   of  the  mach ine   t oo l   by  

a l l o w i n g   g r e a t e r   d i v e r s i t y   in  the  m a c h i n i n g   o p e r a t i o n s .  

One  such  machine   t oo l   is  d i s c l o s e d   by  K o l b l i n   in  U . S .  

Pat .   No.  4 , 4 2 9 , 4 4 3 .   K o l b l i n   t e a c h e s   the  use  of  an  i n d e x a b l e   t u r r e t  

a s s e m b l y   for  s u p p o r t i n g   s t a t i o n a r y   as  well   as  l i v e   t o o l i n g   i n c l u -  

d ing   a  l i v e   t o o l i n g   e n g a g e m e n t   d e v i c e   movable   be tween   a  d e c o u p l e d  

p o s i t i o n   and  a  c o u p l e d   p o s i t i o n   by  means  of  a  p i s t o n   in  c y l i n d e r  

a r r a n g e m e n t .  
One  s h o r t c o m i n g   a s s o c i a t e d   wi th   the  a p p a r a t u s   o f  

K o l b l i n   is  t h a t   the  l i v e   t o o l i n g   d r i v e   u n i t s   are  s e p a r a t e   f r o m  

the  i n d e x i n g   d r i v e   u n i t s   thus   add ing   to  the  o v e r a l l   c o m p l e x i t y  

of  the  t u r r e t   a s s e m b l y .  

SUMMARY  AND  OBJECTS  OF  THE  INVENTION 

The  p r e s e n t   i n v e n t i o n   p r o v i d e s   a  t u r r e t   a s s e m b l y  

i n c l u d i n g   a  r o t a t a b l e   i n d e x a b l e   t u r r e t   top  p l a t e   h a v i n g   m o u n t e d  

t h e r e o n   s t a t i o n a r y   as  wel l   as  l i v e   t o o l i n g   and  w h e r e i n   a  s i n g l e  

d r i v e   motor  is  u t i l i z e d   in  o r d e r   to  p e r f o r m   i n d e x i n g   { a n g u l a r  

r o t a t i o n   of  the  t u r r e t   top  p l a t e )   as  wel l   as  to  d r i v e   the  l i v e  

t o o l i n g   mounted  t h e r e o n .   The  t u r r e t   a s s e m b l y   f u r t h e r   i n c l u d e s  

e n c o d e r   means  a c t i v a t e d   d u r i n g   the  i n d e x i n g   o p e r a t i o n   in  o r d e r  

to  a l l ow   p r e c i s e   t r a c k i n g   of  the  t u r r e t   top  p l a t e   d u r i n g   r o t a t i o n  

t h e r e o f .   The  d r i v e   motor  is  v a r i a b l e   speed  and  r e v e r s i b l e   i n  

o r d e r   to  a l l ow  b i - d i r e c t i o n a l   i n d e x i n g   f o l l o w i n g   the  s h o r t e s t  

pa th   f u r t h e r   a l l o w i n g   the  l i v e   t o o l i n g   to  be  b i - d i r e c t i o n a l l y  

d r i v e n   at  v a r i a b l e   s p e e d s .  
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I t   is  t h e r e f o r e   an  o b j e c t   of  the  p r e s e n t   i n v e n t i o n  
to  p r o v i d e   an  i n d e x a b l e   t u r r e t   a s s e m b l y   c a p a b l e   of  s u p p o r t i n g  
s t a t i o n a r y   as  wel l   as  l i v e   t o o l i n g .  

Anothe r   o b j e c t   of  the  p r e s e n t   i n v e n t i o n   is  to  p r o v i d e  
a  t u r r e t   a s s e m b l y   h a v i n g   an  i n d e x a b l e   t u r r e t   top  p l a t e   c a p a b l e  
of  s u p p o r t i n g   l i v e   t o o l i n g   i n c l u d i n g   a  s i n g l e   d r i v e   u n i t   r e s p o n s i b l e  
for  d r i v i n g   the  l i v e   t o o l i n g   as  wel l   as  for  c a u s i n g   a n g u l a r   d i s -  
p l a c e m e n t   of  the  t u r r e t   top  p l a t e   d u r i n g   i n d e x i n g .  

S t i l l   a  f u r t h e r   o b j e c t   of  the  p r e s e n t   i n v e n t i o n   i s  
to  p r o v i d e   an  i n d e x a b l e   t u r r e t   a s s e m b l y   i n c l u d i n g   a  v a r i a b l e   s p e e d  
r e v e r s i b l e   motor  d r i v e   u n i t   a l l o w i n g   b i - d i r e c t i o n a l   i n d e x i n g  
f o l l o w i n g   the  s h o r t e s t   pa th   and  f u r t h e r   i n c l u d i n g   r e v e r s i b l e   b i -  
d i r e c t i o n a l l y   d r i v e n   l i v e   t o o l i n g .  

A  f u r t h e r   o b j e c t   of  the  p r e s e n t   i n v e n t i o n   is  t o  
p r o v i d e   a  t u r r e t   a s s e m b l y   h a v i n g   an  i n d e x a b l e   t u r r e t   top  p l a t e  
and  e n c o d e r   means  for  a c c u r a t e l y   t r a c k i n g   a n g u l a r   d i s p l a c e m e n t  
of  the  t u r r e t   top  p l a t e   d u r i n g   i n d e x i n g   t h e r e o f .  

The  f o r e g o i n g   and  o t h e r   o b j e c t s   and  a d v a n t a g e s   o f  
t h i s   i n v e n t i o n   w i l l   a p p e a r   from  the  f o l l o w i n g   d e t a i l e d   d e s c r i p t i o n ,  
t a k e n   in  c o n n e c t i o n   w i th   the  a c c o m p a n y i n g   d r a w i n g s ,   in  w h i c h :  

FIGURE  1  is  a  s i de   e l e v a t i o n a l   view  of  the  t u r r e t  
a s s e m b l y   of  the  p r e s e n t   i n v e n t i o n ;  

FIGURE  2  is  an  end  e l e v a t i o n a l   view  of  the  t u r r e t  
a s s e m b l y   of  F i g u r e   1 ;  

FIGURE  3  is  a  c r o s s - s e c t i o n a l   view  of  the  t u r r e t  
a s s e m b l y   t aken   on  l i n e s   3-3  of  F i g u r e   2  and  v iewed  in  the  d i r e c t i o n  
of  the  a r r o w s .  

DETAILED  DESCRIPTION  OF  THE  DRAWINGS 

F i g u r e s   1  and  2 

R e f e r r i n g   now  to  F i g u r e s   1  and  2,  t u r r e t   a s s e m b l y   A 
i n c l u d e s   s t a t i o n a r y   t u r r e t   h o u s i n g   2,  i n d e x a b l e   t u r r e t   top  p l a t e  
4  mounted  on  the  f o r w a r d   end  of  t u r r e t   h o u s i n g   2,  and  motor  d r i v e  
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u n i t   6  a t t a c h e d   to  the  r ea r   end  p o r t i o n   of  h o u s i n g   2.  E n c o d e r  

cover   member  8  is  s e c u r e d   to  the  top  of  h o u s i n g   2  wh i l e   t u r r e t  

a s s e m b l y   m o u n t i n g   s t u d s   10  are  a t t a c h e d   to  the  base  of  h o u s i n g  

2.  E l e c t r i c a l   c o n n e c t o r s   12,  h y d r a u l i c   c o u p l i n g s   14  and  p n e u m a t i c  

c o u p l i n g   16  e x t e n d   i n to   h o u s i n g   2  for  c o n n e c t i o n   wi th   r e s p e c t i v e  

i n t e r n a l   c o m p o n e n t s   to  be  l a t e r   d e s c r i b e d   in  d e t a i l .  

T u r r e t   top  p l a t e   4  i n c l u d e s   a  p l u r a l i t y   of  r a d i a l l y  

e x t e n d i n g   too l   r e c e i v i n g   a p e r t u r e s   18  and  20.  A p e r t u r e s   18  a r e  

a r r a n g e d   for  r e c e i v i n g   s t a t i o n a r y   t o o l i n g   wh i l e   a p e r t u r e s   20  a r e  

a r r a n g e d   for  r e c e i v i n g   l i v e   t o o l i n g .   Each  of  the  a p e r t u r e s   18 

and  20  are  p r o v i d e d   wi th   a  s e r i e s   of  m o u n t i n g   h o l e s   22  for  r e -  

c e i v i n g   c o r r e s p o n d i n g   sc rews   or  b o l t s   for  s e c u r i n g   the  t o o l i n g  

in  p l a c e .   A  cover   a s s e m b l y   24  is  c e n t r a l l y   mounted  upon  t u r r e t  

top  p l a t e   4  for  h o u s i n g   a  l i v e   t o o l i n g   beve l   g e a r .   A  p l u r a l i t y  

of  r e m o v a b l e   p lug   a s s e m b l i e s   26  are  mounted  in  c o r r e s p o n d i n g  

a p e r t u r e s   formed  in  cover   a s s e m b l y   24  a l l o w i n g   a c c e s s   to  t h e  

bevel   gear  (not  shown  in  F i g u r e s   1  and  2)  . 
Motor  d r i v e   u n i t   6  i n c l u d e s   an  e l e c t r i c a l   c o u p l i n g s  

28  and  3 0 .  

F i g u r e   3 

F i g u r e   3  shows  t u r r e t   a s s e m b l y   A  with  e n c o d e r   c o v e r  

member  8  and  beve l   gear  cover   a s s e m b l y   24  of  F i g u r e s   1  and  2 

removed  for  the  sake  of  c l a r i t y .   T u r r e t   top  p l a t e   4  is  m o u n t e d  

for  r o t a t i o n a l   and  a x i a l   d i s p l a c e m e n t   at  the  f o r w a r d   end  o f  

h o u s i n g   2.  T u r r e t   top  p l a t e   4  i n c l u d e s   a  c e n t r a l   o p e n i n g   32 

formed  t h e r e i n   wi th   a  p l u r a l i t y   of  l i v e   too l   r e c e i v i n g   a p e r t u r e s  
20  and  s t a t i o n a r y   t oo l   r e c e i v i n g   a p e r t u r e s   18  (not  shown)  e x -  

t e n d i n g   r a d i a l l y   of  c e n t r a l   o p e n i n g   32.  Mounted  w i t h i n   c e n t r a l  

o p e n i n g   32  is  an  a n n u l a r   too l   s top   34  which  is  s e c u r e d   t o  

top  p l a t e   4  by  means  of  b o l t s   36.  An  a n n u l a r   face   gear  38  i s  

mounted  in  the  base  of  top  p l a t e   4  wh i l e   a  c o r r e s p o n d i n g l y  

spaced   face   gear  40  is  mounted  by  means  of  b o l t s   42  u p o n  

s t a t i o n a r y   h o u s i n g   2.  Engagement   of  face   gear  38  wi th   face   g e a r  

40  a l l o w s   a c c u r a t e   and  p o s i t i v e   p o s i t i o n i n g   of  top  p l a t e   4 
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on  h o u s i n g   2 .  

A  d r i v e   s h a f t   44  e x t e n d s   i n to   h o u s i n g   2  and  p a s s e s  
t h r o u g h   top  p l a t e   4  and  too l   s top   34.  A  l i v e   too l   e n g a g i n g  
beve l   gear  46  is  mounted  on  the  d i s t a l   end  of  d r i v e   s h a f t   44 
and  is  s e c u r e d   in  p l a c e   by  lock  nut  48.  Bevel   gear  46  i s  
a l l o w e d   to  r o t a t e   wi th   d r i v e   s h a f t   44  by  means  of  key  i n t e r l o c k  
50.  B e a r i n g   a s s e m b l y   52  is  mounted  be tween   too l   s t o p   34  a n d  
d r i v e   s h a f t   4 4 .  

Mounted  for  a x i a l   and  r o t a t i o n a l   d i s p l a c e m e n t   w i t h i n  
s t a t i o n a r y   h o u s i n g   2  is  a  ho l low  index  s h a f t   54.  Hol low  s h a f t  
54  i n c l u d e s   a n n u l a r   s h o u l d e r   p o r t i o n   56  which  is  s e c u r e d   t o  
top  p l a t e   4  by  means  of  b o l t s   36.  Dr ive   s h a f t   44  p a s s e s   l o n g i -  
t u d i n a l l y   t h r o u g h   h o l l o w   index  s h a f t   54  and  is  mounted  f o r  
r o t a t i o n a l   movement  t h e r e i n   by  means  of  b e a r i n g   a s s e m b l y   5 8 .  
Annula r   s w i t c h   p l a t e   60  is  s e c u r e d   to  the  base  of  s h o u l d e r  
p o r t i o n   56  by  means  of  b o l t s   62.  Swi t ch   p l a t e   60  w i l l   be  d e s -  
c r i b e d   in  g r e a t e r   d e t a i l   l a t e r   in  the  s p e c i f i c a t i o n .   B e a r i n g  
a s s e m b l y   64  is  mounted  be tween   the  base  of  top  p l a t e   4  a n d  
a n n u l a r   s w i t c h   p l a t e   60  for  a l l o w i n g   a x i a l   and  r o t a t i o n a l  
d i s p l a c e m e n t   of  ho l low  index  s h a f t   54  wi th   r e s p e c t   to  s t a t i o n a r y  
h o u s i n g   2.  B e a r i n g   a s s e m b l y   64  is  f r e e   to  move  a x i a l l y   w i t h  
s w i t c h   p l a t e   60,  ho l low   index  s h a f t   54  and  top  p l a t e   4  u p o n  
a x i a l   d i s p l a c e m e n t   of  h o l l o w   index  s h a f t   5 4 .  

S u r r o u n d i n g   h o l l o w   index  s h a f t   54  is  an  a n n u l a r  
p i s t o n   a s s e m b l y   66  i n c l u d i n g   r a d i a l l y   e x t e n d i n g   p i s t o n   c o l l a r  
68.  P i s t o n   c o l l a r   68  is  p o s i t i o n e d   for  a x i a l   movement  w i t h i n  
c y l i n d e r   chamber  70.  C y l i n d e r   chamber  70  is  bounded  by  h o u s i n g  
2  and  by  c y l i n d e r   l i n e r   72  which  is  s e c u r e d   to  h o u s i n g   2  by  
means  of  b o l t s   74.  C y l i n d e r   chamber  70  is  m a i n t a i n e d   in  a  f l u i d -  
t i g h t   c o n d i t i o n   by  means  of  a n n u l a r   s e a l i n g   r i n g s   76,  78,  80  a n d  
82.  H y d r a u l i c   l i n e s   84  and  86  e x t e n d   t h r o u g h   h o u s i n g   2  i n t o  
c y l i n d e r   chamber  70  for  s u p p l y i n g   h y d r a u l i c   f l u i d   to  e i t h e r   s i d e  
of  p i s t o n   c o l l a r   68  so  as  to  cause   a x i a l   d i s p l a c e m e n t   of  p i s t o n  
a s s e m b l y   6 6 .  

A d j a c e n t   to  p i s t o n   a s s e m b l y   66  and  s u r r o u n d i n g   h o l l o w  
index  s h a f t   54  is  a  c o u p l i n g   member  88  and  a  t a p e r e d   b u s h i n g   9 0 .  
C o u p l i n g   member  88  i n c l u d e s   a  p l u r a l i t y   of  h o l e s   92  for  r e c e i v i n g  
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c o r r e s p o n d i n g   p ins   94.  An  a n t i - f r i c t i o n   b e a r i n g   a s s e m b l y   96 

s u r r o u n d s   c o u p l i n g   member  88.  A  hex  nut  98  is  f a s t e n e d   o n t o  

the  end  of  ho l low   s h a f t   54  and  is  t i g h t e n e d   so  as  to  b e a r  

a g a i n s t   t a p e r e d   b u s h i n g   90  which  in  t u rn   f o r c e s   c o u p l i n g   member 

88  i n to   engagemen t   wi th   s h o u l d e r   100  of  ho l low   index  s h a f t   5 4 .  

A  second  c o u p l i n g   member  102  is  mounted  a d j a c e n t  

to  c o u p l i n g   member  88  and  i n c l u d e s   a  p l u r a l i t y   of  h o l e s   104 

for  r e c e i v i n g   the  o p p o s i t e   ends  of  p ins   94.  An  a n n u l a r   t i m i n g  

gear  106  is  mounted  upon  c o u p l i n g   member  102.  Timing  b e l t   108  

is  p o s i t i o n e d   for  e n g a g e m e n t   a round   t i m i n g   gear   106  and  l i k e -  

wise  is  p o s i t i o n e d   a round   g e a r e d   p u l l e y   110  of  e n c o d e r   E  w h i c h  

is  mounted  at  the  top  of  h o u s i n g   2.  Annula r   t o o t h e d   c l u t c h   p l a t e  

112  is  f a s t e n e d   to  the  base   of  c o u p l i n g   member  102  by  means  o f  

b o l t s   1 1 4 .  

Through  the  v a r i o u s   c o n n e c t i o n s   thus   d e s c r i b e d ,  

i t   may  be  seen  t h a t   a c t i v a t i o n   of  p i s t o n   a s s e m b l y   66  by  t h e  

i n t r o d u c t i o n   of  h y d r a u l i c   f l u i d   t h r o u g h   l i n e   86  c a u s e s   a x i a l  

d i s p l a c e m e n t   (movement  to  the  l e f t   in  F i g u r e   3)  of  p i s t o n   a s s e m b l y  

66  which  in  t u r n   c a u s e s   a  c o r r e s p o n d i n g   a x i a l   d i s p l a c e m e n t   o f  

t u r r e t   top  p l a t e   4  and  d r i v e   s h a f t   44.  This   a x i a l   d i s p l a c e m e n t  

a d d i t i o n a l l y   c a u s e s   face   gear  38  to  d i s e n g a g e   from  face  g e a r  

40  a l l o w i n g   s u b s e q u e n t   r o t a t i o n a l   d i s p l a c e m e n t   or  i n d e x i n g   o f  

t u r r e t   top  p l a t e   4.  F u r t h e r m o r e ,   s i n c e   hex  nut  98  is  t h r e a d e d  

to  ho l low  s l e e v e   54,  a x i a l   d i s p l a c e m e n t   of  p i s t o n   a s s e m b l y   66 

l i k e w i s e   c a u s e s   a x i a l   d i s p l a c e m e n t   of  hex  nut  98  and  wi th   i t  

t a p e r e d   b u s h i n g   90  and  c o u p l i n g   member  88.  C o u p l i n g   member  88 

s h i f t s   a x i a l l y   upon  p i n s   94  which  are  wedged  w i t h i n   h o l e s   104 

of  c o u p l i n g   member  102.  C o u p l i n g   member  102  and  a n n u l a r   t o o t h e d  

c l u t c h   p l a t e   112  are  r e s t r a i n e d   from  a x i a l   d i s p l a c e m e n t .  

R o t a t i o n a l   d i s p l a c e m e n t   of  t u r r e t   top  p l a t e   4  a n d  

d r i v e   s h a f t   44  is  a c h i e v e d   t h r o u g h   a  un ique   d r i v e   t r a i n   b e g i n n i n g  

wi th   a  motor  d r i v e   u n i t   6  a t t a c h e d   to  h o u s i n g   r e a r   p l a t e   116  by  

means  of  b o l t s   118.  Dr ive   u n i t   6  is  p r e f e r a b l y   a  v a r i a b l e   s p e e d ,  

r e v e r s i b l e   b r u s h l e s s   d . c .   motor  c a p a b l e   of  p r o d u c i n g   1  1/2  HP. 

Motor  6  i n c l u d e s   a  d r i v e   s h a f t   120  which  is  c o n n e c t e d   by  m e a n s  

of  key  122  and  se t   s c rews   124  to  d r i v e   p i n i o n   126.  Drive   p i n i o n  
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126  c o o p e r a t e s   wi th   a  c l u s t e r   gear  a s s e m b l y   C  c o m p r i s i n g   a  p a i r  
of  r e d u c t i o n   g e a r s   128  and  130  which  are  i n t e r c o n n e c t e d   by  p i n s  
132.  Gears   128  and  130  are  mounted  on  an  e c c e n t r i c   s h a f t   134 

by  b e a r i n g   a s s e m b l i e s   136  and  138  r e s p e c t i v e l y .   E c c e n t r i c   s h a f t  

134  is  s u i t a b l y   mounted  be tween   h o u s i n g   r e a r   p l a t e   116  a n d  

c l u t c h   gear  p l a t e   140.  The  p r o v i s i o n   of  e c c e n t r i c   s h a f t   134 

r e d u c e s   b a c k l a s h   in  g e a r s   128  and  1 3 0 .  

Gear  128  meshes  wi th   d r i v e   p i n i o n   126  wh i l e   g e a r  
130  meshes  wi th   c l u t c h   d r i v e   gear  142.  C l u t c h   d r i v e   gear  142 

is  a t t a c h e d   to  one  and  end  of  d r i v e   s p i n d l e   144  which  is  m o u n t e d  

by  means  of  b e a r i n g   a s s e m b l y   146  w i t h i n   c l u t c h   gear  p l a t e   1 4 0 .  

The  end  of  d r i v e   s p i n d l e   144  o p p o s i t e   from  c l u t c h   d r i v e   g e a r  
142  e x t e n d s   i n t o   d r i v e   s l e e v e   148  and  is  s e c u r e d   t h e r e t o   by 

means  of  se t   s c r ews   150  (one  shown) .   Dr ive   s l e e v e   148  is  p r o -  
v ided   wi th   an  i n t e r n a l l y   formed  keyway  152  w h i l e   d r i v e   s p i n d l e  

144  is  p r o v i d e d   wi th   a  key  154  which  e n g a g e s   keyway  1 5 2 .  

In  a d d i t i o n   to  d r i v e   s p i n d l e   144,  end  p o r t i o n   156 

of  d r i v e   s h a f t   44  l i k e w i s e   e x t e n d s   i n to   d r i v e   s l e e v e   148.  End 

p o r t i o n   156  is  p r o v i d e d   wi th   an  e x t e n s i o n   158  which  is  p o s i t i o n e d  
w i t h i n   keyway  1 5 2 .  

A  s t a t i o n a r y   a n n u l a r   p n e u m a t i c   c l u t c h   h o u s i n g   160 

is  p o s i t i o n e d   w i t h i n   s t a t i o n a r y   h o u s i n g   2  wi th   d r i v e   s l e e v e   148 

p a s s i n g   t h e r e t h r o u g h .   Air  is  s u p p l i e d   to  the  i n t e r i o r   of  c l u t c h  

h o u s i n g   160  by  means  of  a i r   s upp ly   c o n d u i t   162.  An  a n n u l a r  

t o o t h e d   c l u t c h   p l a t e   164  is  a s s o c i a t e d   wi th   c l u t c h   h o u s i n g   160 

and  is  f r e e   to  r o t a t e   wi th   d r i v e   s l e e v e   148  as  well   as  t o  

move  a x i a l l y   wi th   r e s p e c t   to  d r i v e   s l e e v e   148  by  s u i t a b l e   m e a n s ,  

for  e x a m p l e ,   by  a  s e r i e s   of  keys  166  c o o p e r a t i n g   wi th   k e y w a y s  

168  formed  in  d r i v e   s l e e v e   148.  W i t h i n   c l u t c h   h o u s i n g   160  a r e  

p n e u m a t i c a l l y   a c t i v a t e d   means  (not  shown)  for  a x i a l l y   d i s p l a c i n g  

c l u t c h   p l a t e   164  so  as  to  engage  and  d i s e n g a g e   c l u t c h   p l a t e  

1 1 2 .  

As  was  p r e v i o u s l y   m e n t i o n e d ,   an  a n n u l a r   s w i t c h   p l a t e  
60  is  mounted  by  means  of  b o l t s   62  to  a n n u l a r   s h o u l d e r   56  o f  
ho l low   index  s h a f t   54.  The  magnet  170  is  mounted  on 
the  p e r i p h e r y   of  s w i t c h   p l a t e   60.  A  c o n v e n t i o n a l   H a l l - E f f e c t  
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s w i t c h   172  is  mounted  a d j a c e n t   to  s w i t c h   p l a t e   60  by  means  o f  

b r a c k e t   174.  H a l l - E f f e c t   s w i t c h   172  is  c o n n e c t e d   wi th   m o t o r  

d r i v e   u n i t   6  by  s u i t a b l e   e l e c t r i c a l   c o n n e c t i o n s   (not  shown)  

and  t o g e t h e r   wi th   s w i t c h   p l a t e   60  p r o v i d e s   a  means  for  c o n t r o l l i n g  

motor  o p e r a t i o n   only   d u r i n g   r e f e r e n c e   zero  r e t u r n .  

A  second  H a l l - E f f e c t   s w i t c h   176  is  mounted  by  m e a n s  

of  b r a c k e t   178  a d j a c e n t   to  m a g n e t i c   a c t u a t o r   180.  A c t u a t o r   180 

is  mounted  upon  s u p p o r t   182  which  is  c o n n e c t e d   to  s p r i n g   b i a s e d  

base  s l i d e   member  184.  Base  s l i d e   member  184  a b u t s   a g a i n s t   s w i t c h  

p l a t e   6 0 .  

It   may  thus   be  seen  t h a t   when  p i s t o n   a s s e m b l y   66  i s  

a c t u a t e d ,   ho l low  s h a f t   54  as  wel l   as  s w i t c h   p l a t e   60  are  a x i a l l y  

d i s p l a c e d .   Axia l   d i s p l a c e m e n t   of  s w i t c h   p l a t e   60  c a u s e s   a 

s i m u l t a n e o u s   a x i a l   d i s p l a c e m e n t   of  m a g n e t i c   a c t u a t o r   180  c a u s i n g  

d e a c t i v a t i o n   of  s w i t c h   176.  As  was  the  case   wi th   r e g a r d   t o  

s w i t c h   172,  s w i t c h   176  is  l i k e w i s e   c o n n e c t e d   to  motor  d r i v e   u n i t  

6  for  c o n t r o l l i n g   the  o p e r a t i o n   t h e r e o f r   a l s o   to  n o t i f y   c o n t r o l l e r  
when  t u r r e t   is  in  p o s i t i o n .  

OPERATION 

I n i t i a l l y ,   v a r i o u s   c o m b i n a t i o n s   of  s t a t i o n a r y   a n d  

l i v e   t o o l s   are  p o s i t i o n e d   in  r e s p e c t i v e   a p e r t u r e s   18  and  20 

formed  in  top  p l a t e   4.  The  l i v e   t o o l s   each  i n c l u d e   a  s p i r a l  

beve l   gear  a r r a n g e d   for  e n g a g e m e n t   with  s p i r a l   beve l   gear   4 6 .  

Assuming  t u r r e t   top  p l a t e   4  is  in  the  p o s i t i o n   shown  in  F i g u r e  

3  wi th   face   g e a r s   38  and  40  in  engagemen t   and  f u r t h e r   a s s u m i n g  

t h a t   c l u t c h   p l a t e   164  is  d i s e n g a g e d   from  c l u t c h   p l a t e   1 1 2 ,  

a c t i v a t i o n   of  motor  d r i v e   u n i t   6  w i l l   cause   beve l   gear  46  t o  

be  d r i v e n   so  as  to  d r i v e   the  r e s p e c t i v e   l i v e   t o o l s .  

Assuming  the  above  c o n d i t i o n s   are  met,  the  f o l l o w i n g  

s e q u e n c e   of  o p e r a t i o n   o c c u r s .   Dr ive   s h a f t   120  d r i v e s   p i n i o n   g e a r  
126  d r i v i n g   c l u s t e r   gear   a s s e m b l y   C  which  in  t u r n   d r i v e s   c l u t c h  

d r i v e   gear  142  and  d r i v e   s p i n d l e   144.  R o t a t i o n   of  d r i v e   s p i n d l e  

144  r e s u l t s   in  r o t a t i o n   of  d r i v e   s l e e v e   148  as  wel l   as  r o t a t i o n  

of  c l u t c h   p l a t e   164.  S ince   c l u t c h   p l a t e   164  is  in  i t s   d i s e n g a g e d  

p o s i t i o n ,   r o t a r y   mot ion   c a n n o t   be  t r a n s f e r e d   to  c l u t c h   p l a t e   1 1 2 .  
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R o t a t i o n   of  d r i v e   s l e e v e   148  f u r t h e r   r e s u l t s   in  r o t a t i o n   o f  
d r i v e   s h a f t   44  thus   d r i v i n g   beve l   gear  46.  A  l i v e   too l   p o s i t i o n e d  
at  the  work  s t a t i o n   w i l l   thus   be  d r i v e n   by  beve l   gear  46  t o  
p e r f o r m   a  m a c h i n i n g   o p e r a t i o n   such  as  m i l l i n g ,   d r i l l i n g ,   t a p p i n g ,  
e t c .  

When  a n o t h e r   too l   is  r e q u i r e d   at  the  work  s t a t i o n ,  
motor  d r i v e   u n i t   6  is  d e a c t i v a t e d   p r i o r   to  i n d e x i n g   of  t u r r e t  
head  4.  The  s e q u e n c e   of  o p e r a t i o n   for  i n d e x i n g   t u r r e t   head  4  t a k e s  
p l a c e   as  f o l l o w s .   F i r s t ,   h y d r a u l i c   f l u i d   is  p a s s e d   t h r o u g h   h y d r a u l i c  
l i n e   86  i n to   the  r i g h t   hand  p o r t i o n   of  c y l i n d e r   chamber  7 0 .  
A c c u m u l a t i o n   of  f l u i d   w i t h i n   chamber  70  c a u s e s   a x i a l   d i s p l a c e m e n t  
of  a n n u l a r   p i s t o n   a s s e m b l y   66  (to  the  l e f t   in  F i g u r e   3)  w h i c h  
in  tu rn   a x i a l l y   d i s p l a c e s   ho l low  d r i v e   s h a f t   54,  t u r r e t   top  p l a t e  
4,  d r i v e   s h a f t   44  and  bevel   gear   46.  Axia l   d i s p l a c e m e n t   of  t u r r e t  
top  p l a t e   4  c a u s e s   face   gear  38  to  d i s e n g a g e   from  face   gear  4 0 .  
Even  though  d r i v e   s h a f t   44  has  s h i f t e d ,   a  d r i v i n g   c o n n e c t i o n   i s  
s t i l l   m a i n t a i n e d   be tween   end  p o r t i o n   of  44  and  d r i v e   s l e e v e   148 
via   e x t e n s i o n   member  158.  S i m u l t a n e o u s   wi th   the  a x i a l   d i s p l a c e -  
ment  of  ho l low   s l e e v e   56  is  the  a x i a l   d i s p l a c e m e n t   of  hex  n u t  
98,  t a p e r e d   b u s h i n g   90  and  c o u p l i n g   member  88.  C o u p l i n g   member 
88  s l i d e s   on  p i n s   94  which  are  p r e s s   f i t t e d   i n t o   h o l e s   106  o f  
c o u p l i n g   member  102.  Even  a f t e r   a x i a l   d i s p l a c e m e n t   of  c o u p l i n g  
member  88  away  from  c o u p l i n g   member  102,  a  d r i v i n g   c o n n e c t i o n  
is  s t i l l   m a i n t a i n e d   via  p ins   94.  Axia l   d i s p l a c e m e n t   of  h o l l o w  
s h a f t   54  l i k e w i s e   c a u s e s   a x i a l   d i s p l a c e m e n t   of  s w i t c h   p l a t e  
60  which  in  t u rn   d i s p l a c e s   m a g n e t i c   a c t u a t o r   180  from  s w i t c h  
176  thus   d e a c t i v a t i n g   s w i t c h   176.  Once  s w i t c h   176  is  d e a c t i v a t e d ,  
the  s i g n a l   is  s e n t   to  a  c e n t r a l   c o n t r o l l e r   (not  shown)  t o  
i n i t i a t e   r o t a t i o n a l   i n d e x i n g   of  t u r r e t   head  4 .  

The  next   s t a g e   of  the  i n d e x i n g   p r o c e s s   b e g i n s   w i t h  
the  d e l i v e r y   of  a i r   via  a i r   s u p p l y   c o n d u i t   162  i n t o   p n e u m a t i c  
c l u t c h   h o u s i n g   160  so  as  to  cause   a x i a l   d i s p l a c e m e n t   of  c l u t c h  
p l a t e   164  i n to   e n g a g e m e n t   wi th   c l u t c h   p l a t e   112.  P n e u m a t i c  
c l u t c h   h o u s i n g   160  is  p a r t   of  a  s t a n d a r d   a s s e m b l y   p r o d u c e d   by  
Hor ton   M a n u f a c t u r i n g   Company  and  d i s t r i b u t e d   under  the  t r a d e  
name  "Air  Champ".  It  may  be  seen  t h a t   when  c l u t c h   p l a t e   164 



o  •-■•■■  0 2 2 Q 3 5 3  

- 1 0 -  

is  engaged   wi th   c l u t c h   p l a t e   112  a  d r i v i n g   c o n n e c t i o n   i s  

s t i l l   m a i n t a i n e d   be tween   d r i v e   s l e e v e   148  and  c l u t c h   p l a t e  
1 6 4 .  

The  f i n a l   s t a g e   of  i n d e x i n g   b e g i n s   wi th   t h e  

r e a c t i v a t i o n   of  motor   d r i v e   u n i t   6.  R o t a t i o n a l   d i s p l a c e m e n t  
of  d r i v e   s l e e v e   148  is  t r a n s m i t t e d   to  c l u t c h   p l a t e   164  a n d  

to  c l u t c h   p l a t e   112.  R o t a t i o n   of  c l u t c h   p l a t e   112  c a u s e s  
r o t a t i o n   of  c o u p l i n g   member  102,  t i m i n g   gea r   106,  t i m i n g  
b e l t   108  and  g e a r e d   p u l l e y   110  of  e n c o d e r   E. 

R o t a t i o n   of  c o u p l i n g   member  102  a d d i t i o n a l l y  
c a u s e s   r o t a t i o n   via   p ins   94  of  c o u p l i n g   member  88,  t a p e r e d  
b u s h i n g   90,  hex  nut  98,  h o l l o w   s h a f t   54  and  t u r r e t   top  p l a t e  
4.  In  a d d i t i o n ,   as  d r i v e   s l e e v e   148  is  r o t a t e d ,   d r i v e   s h a f t  
44  i n c l u d i n g   b e v e l   gea r   46  are   l i k e w i s e   r o t a t e d   due  to  t h e  
i n t e r c o n n e c t i o n   be tween   e x t e n s i o n   member  158  and  d r i v e  
s l e e v e   1 4 8 .  

Dur ing   the  r o t a t i o n a l   i n d e x i n g   p r o c e s s ,  
e n c o d e r   E  m a i n t a i n s   p r e c i s e   t r a c k i n g   of  the  p o s i t i o n   o f  
t u r r e t   head  4  t h r o u g h   the  t i m i n g   g e a r /   b e l t   a r r a n g e m e n t .  
E n c o d e r   E  has  4000  q u a d r a t u r e   p u l s e s   per  r e v o l u t i o n   and  i s  
b e l t e d   2  to  1  which  p r o d u c e s   8000  o u t p u t   p u l s e s   per   r e v o l u t i o n  
of  t u r r e t   head  4.  This   a r r a n g e m e n t   a l l o w s   the  t u r r e t   h e a d  

to  be  a c c u r a t e l y   p o s i t i o n e d   wi th   +  1/4  of  a  d e g r e e .   The  o u t -  

put  from  e n c o d e r   E  is  s e n t   to  the  c e n t r a l   c o n t r o l l e r   ( n o t  

shown)  for   u l t i m a t e l y   c o n t r o l l i n g   the  o p e r a t i o n   of  m o t o r  
d r i v e   u n i t   6 .  

Once  motor  d r i v e   u n i t   6  has  been  d e a c t i v a t e d   and  t h e  

p r o p e r   too l   is  p o s i t i o n e d   at  the  work  s t a t i o n ,   the  i n d e x i n g  
o p e r a t i o n   c o n c l u d e s   wi th   i n t r o d u c t i o n   of  h y d r a u l i c   f l u i d   v i a  

h y d r a u l i c   l i n e   84  to  a x i a l l y   d i s p l a c e   p i s t o n   a s s e m b l y   66 

( p i s t o n   a s s e m b l y   66  is  d i s p l a c e d   to  the  r i g h t   in  F i g u r e   3 )  

whereby   t u r r e t   head  4  once  a g a i n   moves  a x i a l l y   toward   h o u s i n g  
2  c a u s i n g   e n g a g e m e n t   of  a n n u l a r   face   gear   38  wi th   a n n u l a r   f a c e  

gea r   40.  Thus,   t u r r e t   head  4  is  p o s i t i v e l y   l o c k e d   a g a i n s t   f u r t h e r  
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r o t a t i o n .   Air  w i t h i n   p n e u m a t i c   c l u t c h   h o u s i n g   160  may  then  b e  
v e n t e d   to  the  e x t e r i o r   of  h o u s i n g   2  c a u s i n g   d i s e n g a g e m e n t   o f  
c l u t c h   p l a t e   164  from  c l u t c h   p l a t e   112.  Axia l   d i s p l a c e m e n t  
of  t u r r e t   head  4  ( to  the  r i g h t   in  F i g u r e   3)  c a u s e s   r e a c t i v a t i o n  
of  s w i t c h   176  s i g n a l i n g   t h a t   i n d e x i n g   has  been  c o m p l e t e d .  
Assuming  a  l i v e   t oo l   is  now  in  p o s i t i o n   at  the  work  s t a t i o n ,  
motor   d r i v e   u n i t   6  may  once  a g a i n   be  a c t i v a t e d   to  t u rn   b e v e l  

g e a r   46  and  to  s u b s e q u e n t l y   d r i v e   the  l i v e   t o o l i n g .  
I t   s hou ld   be  no ted   t h a t   c l u s t e r   gea r   a s s e m b l y   C 

p r o d u c e s   a  3  to  1  r e d u c t i o n   g e n e r a t i n g   a d e q u a t e   t o r g u e   so  a s  
to  index  t u r r e t   head  4  even  when  heavy  of f   b a l a n c e   t o o l s   a r e  
mounted  t h e r e o n .   I t   s hou ld   be  f u r t h e r   no ted   t h a t   e n c o d e r   E 
comes  i n t o   a c t i o n   only   when  t u r r e t   head  4  is  i n d e x i n g   and  t h a t  
when  the  t u r r e t   a s s e m b l y   is  s t a r t e d   up  from  a  power  down 
c o n d i t i o n ,   t u r r e t   head  4  w i l l   a lways   r e t u r n   to  the  r e f e r e n c e  
home  p o s i t i o n   ( s t a t i o n   No.  1).  Encode r   E  and  H a l l - E f f e c t   s w i t c h  
172  are   used  for   d e t e r m i n i n g   the  a b s o l u t e   p o s i t i o n   of  t u r r e t  
head  4  d u r i n g   s t a r t   up.  I n d e x i n g   is  b i - d i r e c t i o n a l   f o l l o w i n g  
the  s h o r t e s t   pa th   wi th   a  p r o g r a m m a b l e   o p t i o n   to  o v e r r i d e   t h i s  
f e a t u r e .   F u r t h e r m o r e ,   the  l i v e   t o o l i n g   s p i n d l e   speed  is  v a r i a b l e  
and  b i - d i r e c t i o n a l   under   the  c o n t r o l   of  the  p r o g r a m m e r .  

While  t h i s   i n v e n t i o n   has  been  d e s c r i b e d   in  c o n n e c t i o n  
wi th   a  s i n g l e   embodiment   t h e r e o f ,   i t   w i l l   be  u n d e r s t o o d   t h a t   i t  
is  c a p a b l e   of  f u r t h e r   m o d i f i c a t i o n s ,   and  t h i s   a p p l i c a t i o n   i s  
i n t e n d e d   to  cove r   any  v a r i a t i o n s ,   u s e s ,   or  a d a p t a t i o n s   of  t h e  
i n v e n t i o n   f o l l o w i n g ,   in  g e n e r a l ,   the  p r i n c i p l e s   of  the  i n v e n t i o n  
and  i n c l u d i n g   such  d e p a r t u r e s   from  the  p r e s e n t   d i s c l o s u r e   a s  
come  w i t h i n   known  or  c u s t o m a r y   p r a c t i c e   in  the  a r t   to  which  t h e  
i n v e n t i o n   p e r t a i n s ,   and  as  may  be  a p p l i e d   to  the  e s s e n t i a l   f e a t u r e s  
h e r e i n b e f o r e   s e t   f o r t h   and  f o l l o w e d   in  the  scope  of  the  i n v e n t i o n  
or  the  l i m i t s   of  the  appended   c l a i m s .  
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CLAIMS: 

1.  A  l i v e   t o o l i n g   t u r r e t   a s s e m b l y   c o m p r i s i n g :  

a)  a  s t a t i o n a r y   h o u s i n g ;  

b)  a  t u r r e t   top  p l a t e   roovably  mounted  on  s a id   h o u s i n g  

for  a x i a l   and  r o t a t i o n a l   d i s p l a c e m e n t   wi th   r e s p e c t   to  s a i d   h o u s i n g ;  

c)  s a id   t u r r e t   top  p l a t e   i n c l u d i n g   a  d r i v e   s h a f t  

e x t e n d i n g   i n t o   sa id   h o u s i n g   and  t h r o u g h   sa id   top  p l a t e ;  

d)  s a id   t u r r e t   top  p l a t e   i n c l u d i n g   means  for  m o u n t i n g  

l i v e   t o o l i n g ;  
e)  s a id   d r i v e   s h a f t   i n c l u d i n g   means  for  e n g a g i n g   a n d  

d r i v i n g   s a id   l i v e   t o o l i n g   when  mounted  on  sa id   top  p l a t e ;  

f)  s u p p o r t i n g   means  in  s a id   h o u s i n g   s u p p o r t i n g   s a i d  

top  p l a t e   i n c l u d i n g   sa id   d r i v e   s h a f t ;  

g)  s a id   s u p p o r t i n g   means  be ing   movably  mounted  i n  

sa id   h o u s i n g   for  a x i a l   and  r o t a t i o n a l   d i s p l a c e m e n t   s i m u l t a n e o u s l y  

wi th   sa id   top  p l a t e ;  
h)  i n d e x i n g   means  a s s o c i a t e d   wi th   s a i d   h o u s i n g   f o r  

moving  s a id   top  p l a t e   and  s a id   s u p p o r t i n g   means  a x i a l l y   a n d  

r o t a t i o n a l l y   wi th   r e s p e c t   to  s a i d   h o u s i n g ;   a n d  

i)  d r i v e   means  a s s o c i a t e   wi th   sa id   d r i v e   s h a f t   f o r  

p e r m i t t i n g   sa id   d r i v e   s h a f t   to  be  d r i v e n   i n d e p e n d e n t l y   of  s a i d  

i n d e x i n g   means  and  for  p e r m i t t i n g   s a id   d r i v e   s h a f t   to  be  d r i v e n  

s i m u l t a n e o u s l y   wi th   sa id   i n d e x i n g   means  when  s a i d   i n d e x i n g   m e a n s  

is  moved  a x i a l l y   and  r o t a t i o n a l l y   wi th   r e s p e c t   to  s a i d   h o u s i n g .  

2.  A  l i v e   t o o l i n g   t u r r e t   a s s emb ly   as  in  Claim  1  a n d  

w h e r e i n :  

a)  s a id   t u r r e t   top  p l a t e   i n c l u d i n g   a  c e n t r a l   o p e n i n g  

for  r e c e i v i n g   s a id   d r i v e   s h a f t ,   a n d  

b)  s a id   means  for  m o u n t i n g   l i v e   t o o l i n g   i n c l u d i n g  

a  p l u r a l i t y   of  s p a c e d ,   too l   r e c e i v i n g   a p e r t u r e s   formed  in  s a i d  

top  p l a t e   and  e x t e n d i n g   r a d i a l l y   of  s a id   c e n t r a l   o p e n i n g .  

3.  A  l i v e   t o o l i n g   t u r r e t   a s s emb ly   as  in  Cla im  2  a n d  

w h e r e i n :  
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a)  s a id   d r i v e   s h a f t   i n c l u d i n g   a  p r o x i m a l   end  p o r t i o n  
l o c a t e d   w i t h i n   sa id   h o u s i n g   and  a  d i s t a l   end  p o r t i o n   p a s s i n g  
t h r o u g h   s a id   c e n t r a l   o p e n i n g   of  s a i d   top  p l a t e ;   a n d  

b)  s a id   means  for  e n g a g i n g   and  d r i v i n g   s a id   l i v e  
t o o l i n g   i n c l u d i n g   a  s p i r a l   beve l   gear  s e c u r e d   to  s a id   d i s t a l   e n d  
p o r t i o n   of  s a i d   d r i v e   s h a f t .  

4.  A  l i v e   t o o l i n g   t u r r e t   a s s e m b l y   as  in  Claim  1  a n d  
w h e r e i n :  

a)  s a id   s u p p o r t i n g   means  i n c l u d e s   a  ho l low   i n d e x  
s h a f t   h a v i n g   a  f i r s t   end  p o r t i o n   s e c u r e d   to  s a id   top  p l a t e   and  a 
second   end  p o r t i o n   c o o p e r a t i n g   wi th   s a i d   i n d e x i n g   means;  a n d  

b)  s a id   d r i v e   s h a f t   b e i n g   c o a x i a l   wi th   and  e x t e n d i n g  
l o n g i t u d i n a l l y   t h r o u g h   sa id   ho l low   index  s h a f t .  

5.  A  l i v e   t o o l i n g   t u r r e t   a s s e m b l y   as  in  Claim  1  a n d  
w h e r e i n :  

a)  s a id   i n d e x i n g   means  i n c l u d i n g   a  c y l i n d e r   c h a m b e r  
formed  w i t h i n   sa id   h o u s i n g   and  a  f l u i d   a c t i v a t e d   p i s t o n   a r r a n g e d  
for  a x i a l   movement  w i t h i n   s a id   c y l i n d e r   chamber  and  e n g a g e a b l e  
with  s a id   s u p p o r t i n g   means  for  a x i a l l y   moving  s a id   top  p l a t e   and  
sa id   s u p p o r t i n g   means;  a n d  

b)  s a id   i n d e x i n g   means  i n c l u d i n g   d r i v e   c o u p l i n g   m e a n s  
i n t e r c o n n e c t i n g   s a id   d r i v e   means  and  s a id   s u p p o r t i n g   means  f o r  
t r a n s f e r r i n g   r o t a t i o n a l   movement  to  s a id   top  p l a t e   and  s a i d  
s u p p o r t i n g   m e a n s .  

6.  A  l i v e   t o o l i n g   t u r r e t   a s s e m b l y   as  in  Claim  5  a n d  
w h e r e i n :  

a)  s a id   i n d e x i n g   means  f u r t h e r   i n c l u d i n g   e n c o d e r  
means  for  t r a c k i n g   r o t a t i o n a l   movement  of  s a id   t u r r e t   h e a d  
d u r i n g   i n d e x i n g   t h e r e o f .  

7.  A  l i v e   t o o l i n g   t u r r e t   a s s e m b l y   as  in  Claim  1  a n d  
w h e r e i n   s a id   d r i v e   means  c o m p r i s i n g :  
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a)  a  m o t o r ;  

b)  a  s l e e v e   r o t a t a b l y   d r i v e n   by  s a id   motor  and  

c o n n e c t e d   to  s a id   d r i v e   s h a f t   for  r o t a t i n g   s a i d   d r i v e   s h a f t ;  

c)  a  f i r s t   c l u t c h   p l a t e   i n t e r c o n n e c t e d   wi th   s a i d  

s u p p o r t i n g   means  for  r o t a t i o n   t h e r e w i t h ;  

d)  a  second   c l u t c h   p l a t e   r o t a t a b l y   d r i v e n   by  

sa id   s l e e v e   and  a x i a l l y   d i s p l a c e a b l e   for  e n g a g i n g   and  d i s -  

e n g a g i n g   sa id   f i r s t   c l u t c h   p l a t e ;  

e)  a c t i v a t i o n   means  for  a x i a l l y   d i s p l a c i n g   s a i d  

second  c l u t c h   p l a t e ;  
f)  s a i d   a c t i v a t i o n   means  be ing   a c t i v a t e d   s u b s e -  

quen t   to  a x i a l   d i s p l a c e m e n t   of  s a id   top  p l a t e   away  from  s a i d  

h o u s i n g   by  s a id   i n d e x i n g   means  to  cause   engagemen t   of  s a i d  

second  c l u t c h   p l a t e   wi th   s a id   f i r s t   c l u t c h   p l a t e   t h e r e b y  

a l l o w i n g   r o t a t i o n a l   i n d e x i n g   of  s a i d   top  p l a t e   and  s a i d  

s u p p o r t i n g   means;  a n d  

g)  s a id   d r i v e   s h a f t   c a p a b l e   of  be ing   d r i v e n   i n -  

d e p e n d e n t l y   of  s a id   i n d e x i n g   means  s u b s e q u e n t   to  a x i a l   d i s -  

p l a c e m e n t   of  s a id   top  p l a t e   t o w a r d s   sa id   h o u s i n g   by  s a i d  

i n d e x i n g   means  and  upon  d i s e n g a g e m e n t   of  s a id   c l u t c h   p l a t e s  

by  s a id   a c t i v a t i o n   m e a n s .  

8.  A  l i v e   t o o l i n g   t u r r e t   a s s e m b l y   as  in  Claim  7 

and  w h e r e i n ;  

a)  s a id   motor  be ing   a  v a r i a b l e   s p e e d ,   r e v e r s i b l e  

d . c .   m o t o r .  

9.  A  l i v e   t o o l i n g   t u r r e t   a s s e m b l y   as  in  Claim  7 

and  w h e r e i n :  

a)  s a id   d r i v e   means  i n c l u d i n g   r e d u c t i o n   g e a r i n g  

i n t e r c o n n e c t i n g   s a i d   motor  and  s a i d   s l e e v e .  

10.  A  l i v e   t o o l i n g   t u r r e t   a s s e m b l y   as  in  Claim  9 

and  w h e r e i n :  

a)  s a id   r e d u c t i o n   g e a r i n g   c o m p r i s i n g   a  c l u s t e r  

gear  a s s e m b l y ;   a n d  

b)  sa id   c l u s t e r   gear  a s s e m b l y   be ing   mounted  on  a n  
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e c c e n t r i c   s h a f t   for  e l i m i n a t e d   b a c k l a s h   of  sa id   c l u s t e r   g e a r s .  

11.  A  l i v e   t o o l i n g   t u r r e t   a s s emb ly   as  in  Claim  7 
and  w h e r e i n :  

a)  s a id   a c t i v a t i o n   means  be ing   p n e u m a t i c a l l y   o p e r a t e d .  

12.  A  l i v e   t o o l i n g   t u r r e t   a s s e m b l y   as  in  Claim  1 
and  w h e r e i n :  

a)  s a id   t u r r e t   top  p l a t e   i n c l u d i n g   a  f i r s t   a n n u l a r  
face   gear  a t t a c h e d   t h e r e t o ;  

b)  s a id   s t a t i o n a r y   h o u s i n g   i n c l u d i n g   a  second  a n n u l a r  
face   gear  a t t a c h e d   t h e r e t o ;   a n d  

c)  s a id   f i r s t   face   gear  be ing   e n g a g e a b l e   wi th   s a i d  
second  face   gear  upon  a x i a l   d i s p l a c e m e n t   of  sa id   top  p l a t e   t o w a r d s  
sa id   h o u s i n g   by  s a id   i n d e x i n g   means  for  a c c u r a t e l y   and  p o s i t i v e l y  
s e a t i n g   sa id   top  p l a t e   on  s a id   h o u s i n g .  

13.  A  l i v e   t o o l i n g   t u r r e t   a s s e m b l y   for  mach ine   t o o l s  

compr  i s i n g :  

a)  a  t u r r e t   mounted  on  s a id   a s s e m b l y ;  
b)  means  for  i n d e x i n g   sa id   t u r r e t ;  
c)  means  on  sa id   t u r r e t   for  moun t ing   a  p l u r a l i t y   o f  

l i v e   t o o l i n g ;  
d)  means  for  d r i v i n g   sa id   l i v e   t o o l i n g ;   a n d  
e)  means  for  p e r m i t t i n g   t u r r e t   i n d e x i n g ,   means  f o r  

d r i v i n g   the  s a i d   l i v e   t o o l i n g .  

14.  A  l i v e   t o o l i n g   t u r r e t   a s s e m b l y   as  in  Claim  13 
and  i n c l u d i n g :  

a)  t i m i n g   and  e n c o d e r   means  c o n n e c t e d   to  s a id   m e a n s  
for  d r i v i n g   sa id   l i v e   t o o l i n g   for  c o n t r o l l i n g   o p e r a t i o n   of  s a i d  

d r i v i n g   m e a n s .  

15.  A  l i v e   t o o l i n g   t u r r e t   a s s e m b l y   as  in  Claim  14 
and  w h e r e i n :  

a)  sa id   t i m i n g   and  encode r   means  i n c l u d e s   a  t i m i n g  
b e l t   d r i v e n   by  sa id   d r i v i n g   m e a n s .  
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16.  A  l i v e   t o o l i n g   t u r r e t   a s s e m b l y   as  in  Claim  15 

and  i n c l u d i n g :  

a)  a  d r i v e   motor  on  s a id   a s sembly?   and  

b)  s a id   t i m i n g   b e l t   is  p o s i t i o n e d   i n t e r m e d i a t e   s a i d  

a s s e m b l y .  

17.  A  l i v e   t o o l i n g   t u r r e t   a s s e m b l y   as  in  Claim  16 

and  w h e r e i n :  

a)  s a id   t u r r e t   is  p o s i t i o n e d   at  one  end  of  s a i d  

a s s e m b l y ;   a n d  

b)  s a id   d r i v e   motor  is  p o s i t i o n e d   at  the  o t h e r   e n d  

of  s a id   a s s e m b l y .  

18.  A  l i v e   t u r r e t   a s s e m b l y   as  in  Claim  16 

and  i n c l u d i n g :  
a)  h y d r a u l i c   and  p n e u m a t i c   t u r r e t   o p e r a t o r   m e a n s .  

19.  A  l i v e   t u r r e t   a s s e m b l y   as  in  Claim  18  a n d  

w h e r e i n :  
a)  sa id   h y d r a u l i c   t u r r e t   o p e r a t o r   means  i n c l u d e s  

means  for  a x i a l l y   r a i s i n g   and  l o w e r i n g   s a i d   t u r r e t .  

20.  A  l i v e   t u r r e t   a s s e m b l y   as  in  Claim  18  a n d  

w h e r e i n :  
a)  sa id   p n e u m a t i c   t u r r e t   o p e r a t o r   means  i n c l u d e s  

means  p e r m i t t i n g   s a id   means  for  d r i v i n g   sa id   l i v e   t o o l i n g   t o  

be  c o n n e c t e d   to  s a id   t u r r e t   i n d e x i n g   m e a n s .  

21.  A  l i v e   t u r r e t   a s s e m b l y   as  in  Claim  20  a n d  

w h e r e i n :  
•  a)  s a id   p n e u m a t i c   t u r r e t   o p e r a t o r   means  i n c l u d e s  

a  t o o t h e d   c l u t c h   m e c h a n i s m .  

22.  A  l i v e   t u r r e t   a s s e m b l y   as  in  Claim  13  a n d  

w h e r e i n :  

a)  s a id   means  for  i n d e x i n g   s a id   t u r r e t   i n c l u d e s  
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an  a n n u l a r   s w i t c h   p l a t e   r o t a t a b l y   d i s p l a c e a b l e   wi th   s a id   t u r r e t ;  
a n d  

b)  a  s t a t i o n a r y   s w i t c h   mounted  on  s a i d   a s s e m b l y   a n d  
a c t i v a t e d   by  s a id   s w i t c h   p l a t e .  

23.  A  l i v e   t u r r e t   a s s e m b l y   as  in  Claim  22  a n d  
w h e r e i n :  

a)  s a i d   a n n u l a r   s w i t c h   p l a t e   i n c l u d e s   a  magnet  r a d i a l l y  
mounted  t h e r e i n ;   a n d  

b)  s a id   s w i t c h   be ing   a c t i v a t e d   by  s a i d   m a g n e t .  

24.  A  l i v e   t u r r e t   a s s e m b l y   as  in  Claim  13  and  w h e r e i n :  
a)  s a i d   means  for   i n d e x i n g   s a i d   t u r r e t   i n c l u d e s  

a  m a g n e t i c   a c t u a t o r   a x i a l l y   d i s p l a c e a b l e   wi th   s a i d   t u r r e t ;  
b)  a  s t a t i o n a r y   s w i t c h   mounted  on  s a i d   a s s e m b l y  

a d j a c e n t   to  s a i d   m a g n e t i c   a c t u a t o r ;   a n d  
c)  s a i d   s w i t c h   be ing   a c t i v a t e d   upon  a x i a l   d i s p l a c e m e n t  

of  s a i d   m a g n e t i c   a c t u a t o r .  
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